nucleosomes in mitotic chromatin pack in larger clusters. Furthermore, mitotic chromatin 23 contained fewer megacomplexes. However, nearest-neighbor distance analysis 24 revealed that mitotic nucleosome clusters have the same packing density as in 25 interphase. Therefore, the uneven chromosome condensation helps explain a 26 longstanding enigma of mitosis: most genes are silenced but a subset is upregulated. (Fig. S1A, B) . The resulting average was similar to a low-pass-filtered budding-yeast clusters less than 50-nm wide (Fig. 2B) . Chain-like nucleosome configurations are also 98 abundant (Fig. 2C) . The remaining nucleosomes are not clustered together (Fig. 2D) . 99 Efforts to automatically identify clusters of nucleosomes did not produce clusters with 100 distinct motifs due to their heterogeneous positions. Small nucleosome-free "pockets" (< 101 50 nm) are also abundant (Fig. 2E) . Densities much larger than nucleosomes (> 20 nm) 102 are spread throughout the nucleus (Fig. 2F) . These densities are consistent with being 103 multi-megadalton nuclear assemblies such as pre-ribosomes, spliceosomes, and showed that nucleosome formed clusters in both G2-phase and prometaphase cells, but 158 appear more crowded in the latter (Fig. 5A, B was shorter in mitosis (two-tailed t-test, p < 0.001) (Fig. S9E, F) . Therefore, the prometaphase cells (Fig S11B and D) , we noticed that G2-phase nucleosomes were 208 more heterogeneously packed ( Fig. S11A and C condensation at the nucleosome level (Fig. 6) . In uncondensed chromosomes, were fixed with 2.5% formaldehyde for 60 mins at the restrictive temperature for mutants. The 327 cells were washed twice by centrifugation at 1500 x g for 1 min and resuspension with distilled 328 water. They were pelleted at 1500 x g for 1 min and stained by resuspension in 50 µl PBS, pH 329 7.4, containing 1 µg/ml DAPI. Ten µl of the sample was then added to the slide and imaged 330 using a PerkinElmer Ultraview Vox Spinning Disc confocal microscope (PerkinElmer, Waltham, 331 MA). Images were recorded using an 100x oil-immersion objective. 332
Immunofluorescence 334
Log-phase cells (~10 ml) were fixed with 3.7% formaldehyde for 90 min at 30°C (or the 335 restrictive temperature for mutants). Cells were collected by centrifugation at 1500 x g for 5 min. 336
Cells were then resuspended in 1 ml PEM buffer (0.1 M PIPES pH 6.95, 2 mM EGTA, 1 mM 337 MgSO 4 ). Cells were washed once with 1 ml PEM this way and then resuspended in 1ml PEMS 338 12 particles/ml) in 0.1 364 mg/ml BSA was applied to the grid and then air-dried. Frozen-hydrated cells were cut into a 70-365 nm thick cryo-ribbon using a 35° diamond knife (Cryo35, Diatome, Nidau, Switzerland) in a 366
Leica UC7/FC7 cryo-ultramicrotome (Leica Microsystems, Vienna, Austria) at -150°C. Once the 367 ribbon was ~3 mm long, the colloidal-gold-coated EM grid was placed underneath the ribbon. 368
To minimize occlusion by grid bars at high tilt during cryotomographic imaging, the grid as 369 aligned so that the ribbon was parallel with and in between the grid bars. The ribbon was then 370 attached to the grid by operating the Crion in "charge" mode for ~30 seconds. The grid was 371 stored in liquid nitrogen until imaging. 372
373

Cell lysis 374
Log-phase S. pombe cells were collected by centrifuging at 1500 x g for 5 min and then 375 spheroplasted for 15 minutes by incubation with lysis-enzyme cocktail at either 30°C or the 376 restrictive temperature for mutants. The spheroplasts were pelleted at 1500 x g for 2 mins at 22 377 °C and then lysed in 20 µl lysis buffer (50 mM EDTA and a 1:1000 dilution of protease inhibitor 378 cocktail) on ice for 15 min. 379
380
Plunge freezing 381
Plunge freezing was done using a Vitrobot Mk IV (Thermo, Waltham, MA) operated at 4°C with 382 80% humidity. S. pombe cell lysates (4 µl) were applied to a freshly glow-discharged perforated-383 20 carbon grid. The grid was blotted once (blot force:1, blot time: 3s) with filter paper and then 384 plunged into liquid ethane. 385
386
Electron cryotomography 387
Tilt series were collected using FEI TOMO4 on a Titan Krios cryo-TEM (Thermo, Waltham, MA) 388 operated at 300 KeV and equipped with a field-emission gun, a Volta phase-plate device, and a 389
Falcon II direct-detection camera. Details of the imaging parameters are shown in Table S1 . 390
Image alignment, CTF correction, low-pass filtration, 3-D reconstruction were done using the 391 IMOD software package. Note that Volta cryotomograms were not CTF corrected. 392
Cryotomograms were visualized as tomographic slices with 3dmod and as isosurfaces with 393 UCSF Chimera. 394
395
Template matching 396
Template matching was done using PEET. A manually-selected subtomogram containing a 397 nucleosome-like particle served as a template. This template was multiplied with a spherical 398 mask to suppress the influence of background nucleoplasmic densities. The search grid with a 399 10-nm spacing was generated within the nucleus. Hits within 6 nm were considered as 400 duplicates and the extra hit was automatically removed. The criteria of cross-correlation 401 coefficient cutoff were the same as in our previous report (Cai et al., 2017) . Briefly, we first used 402 the average of cross-correlation coefficients of all template-matching hits as a cutoff. We then 403 manually inspected the hits in the tomogram and adjusted the cutoff (if needed) to minimize the 404 number of detectable false positives and false negatives. To further remove false positives from 405 megacomplexes, another round of template matching was performed using a ribosome-like 406 density as a template. The nucleosome hits that were within 12.5 nm of these megacomplexes 407
were then removed with a Matlab script (available upon request; Mathworks, Natick, MA). 408
